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Abstract 
Post-combustion and oxy-combustion are considered as most relevant Carbon Capture and Storage technologies (CCS) to be 
applied in mid-term in from fossil-fuels power plants. However, solvent regeneration, high-purity O2 production and solvent 
degradation have not yet been addressed. A new hybrid process between post-combustion and oxy-combustion technology, 
namely partial oxy-combustion, has been proposed. It is based on an oxygen-enriched combustion and CO2 separation process 
using chemical absorption with amine-based solvents. A 300 Nm3/h pilot plant has been designed and built to evaluate different 
partial oxy-combustion configurations for both traditional and new proposed solvents. The pilot plant consists of two random-
packed columns and a spray tower. The pilot plant operates from air-fired case (15% vol. CO2) to oxy-80 (60% vol. CO2). MEA 
30% w/w, piperazine (PZ) promoted potassium carbonate and two new blends, hybrid-1 and hybrid-2, will be tested. 
Lab-scale experiments showed previously a high-performance CO2 absorption at higher CO2 partial pressures. Therefore, the 
performance of each under partial oxy-combustion conditions will be evaluated. The experimental program aims to determine an 
optimal configuration that can provide an overall reduction of the energy penalties mentioned before. Spray tower configurations 
will be also tested in comparison with packed columns. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Global energy demand is expected to be increased in next years and fossil fuel continues to be the main primary 
energy source. Energy efficiency and reduction of greenhouse gas emissions are identified as key tasks to mitigate 
the global warming effects on the planet [1].  
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Post-combustion based on CO2 chemical absorption and oxy-combustion technologies are two of the most 
promising alternatives to reduce CO2 emissions from fossil-fuels power plants. However, solvent regeneration and 
high-purity O2 production are intensive energy consumption processes and solvent degradation reaches up to 10% of 
the total CO2 capture costs [2].  
These penalties related to both post-combustion and oxy-combustion implementation have not yet been resolved. A 
new hybrid process between post-combustion and oxy-combustion technology, namely partial oxy-combustion, has 
been proposed in order to address these issues. Partial oxy-combustion consists of the use of an oxygen-enriched air 
as oxidizer in the combustion process followed by a post-combustion capture using chemical absorption with amine-
based solvents [3]. It is considered a technically and economically feasible technology that can reduce the CO2 
capture cost in large combustion facilities [4-5]. Energy consumption related to solvent regeneration can reached a 
30% of reduction in partial oxy-combustion operations in comparison with post-combustion capture based on 
chemical absorption using MEA [5]. The implementation of this technology provides some potential advantages: the 
use of O2 separation technologies such as adsorption and membrane separation instead of cryogenics to produce the 
oxygen-enriched air, improvements in the absorption process due to the presence of higher CO2 in the flue gas and 
lower reboiler duty requirements in the solvent regeneration.  
This work is focused on achieving economic advantages and developing a new technology that operates with greater 
energy efficiency by CO2 sequestration in fossil-fuels power plants. The aim is to develop a new technology that 
becomes a best available technology that minimize both CO2 capture costs and electricity prices in comparison with 
CCS technologies in a separate way. 
This work aims to develop a 300-Nm3/h CO2 capture pilot plant operating under partial oxy-combustion conditions 
that can be applied for existing power plants. Potential configurations that can lead to further reductions in the 
overall energy consumption and new amine-based solvents and blends will be tested. The pilot plant has been 
provided with maximum operating flexibility and versatility regarding partial oxy-combustion operation mode and 
subsequently CO2 separation process by chemical absorption. Oxy-combustion and post-combustion using 
regenerative chemical absorption will be also compared with partial oxy-combustion technology in future 
investigations. 
2. Pilot plant 
A description of the pilot plant erected for partial oxy-combustion studies is summarized below. The facility is a 300 
Nm3/h versatile and flexible pilot plant located in the School of Engineering of Seville which can operate in a 
widely range of conditions, from 15%vol. CO2 to 60%vol. CO2 concentration in the treated gas. The maximum CO2 
concentration in the flue gas is 60%vol. that represents O2 levels up to 80% vol. in the O2-enriched air. CO2 capture 
efficiency was set in 90% and operating conditions will be optimized in order to minimize energy requirements for 
each case. The pilot plant consists of two random-packed columns and a pulverized scrubber which can perform in 
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Fig. 1. Pilot plant. (a) absorption-stripping unit, (b) the oxy-boiler; (c) O2 tank. 
The absorber has three random packed-beds. The height is 16 meters and the internal diameter is 0.3 meters. Based 
on the high performance of the absorption process at higher CO2 partial pressures, a spray tower was also erected to 
evaluate its performance under partial oxy-combustion conditions. The main dimensions of this column are 
summarized in Table 1. The goal is to determine an optimal configuration that can compete economically with 
structural and non-structural packed columns. 
The stripper consists of a 14 meters height and 0.3 meters ID column that has two random packed beds. The reboiler 
duty is supplied by a 600 kg/h steam boiler. The experimental facility has been provided with high quality 
monitoring and measures instrumentation. The most relevant parameters required to be evaluate such as reboiler 
duty, CO2 loading of lean and rich solvent and L/G ratio in the absorption column are monitored. CO2 concentration 
in the exhaust gas is also determined using a FTIR analyzer for both CO2 capture efficiency and specific energy 
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requirements determinations for each absorber system tested. A more comprehensive description of the plant can be 
found in [6]. 
Table 1. Basic design parameters of the pilot plant 
Design parameters Operation range   
Boiler thermal power 1.5 MWt 
Flow rate 250/350 Nm3/h 
Operation mode 21 30 40 80 % O2 molar 
Gas composition  11 17 25 64% CO2 molar 
Absorption Temperature / Pressure  50 ºC / 1.1 bar 
Regeneration Temperature / Pressure 120 ºC / 2-5 bar 
ID absorber  300 mm 
Random Packed Beds  3 m * 3 
ID Spray Tower 600 mm 
ID Stripper 300 
Random Packed Beds 3 m * 2 
3. Test Campaign 
The pilot plant commissioning is scheduled for late 2014. Preliminary tests will be required to obtain a 
comprehensive characterization of the pilot plant performance and to determine the real operation ranges of the key 
parameters studied. The test campaign will be carried out during the first semester of 2015. 
The main parameters proposed in the test campaign are summarized in Table 2. Four main operation modes have 
been set up, from air-fired case (15% vol. CO2) to oxy-80 that means 80% vol O2 concentration in the primary 
oxidizer. Four amine-based absorption blends have been proposed to be tested in the pilot plant. MEA 30% w/w is 
considered as benchmark for post-combustion capture technology. Base on the literature, piperazine (PZ) promoted 
potassium carbonate has been proposed by several authors as effective and competitive CO2 capture blends. It was 
selected among others to be also tested at higher CO2 partial pressure in order to verify its performance can be 
improved at those conditions [7-8]. Two new blends, namely hybrid-1 and hybrid-2, have showed high potential as 
CO2 capture solvent from previously lab-scale studies and will be tested at pilot plant scale to check the promising 
results provided. 
 
L/G ratio is considered the most relevant parameter to evaluate at the absorber. L/G varies from 1 to 10 (kg/kg). 
Higher L/G ratios will be required in higher CO2 concentrated flue gas cases. Regarding the stripper, temperature 
and pressure are the parameters will be optimized for each solvent. Optimization will be based on the minimal L/G 
ratio that can lead to minimal energy requirements for solvent regeneration. Both kind of absorber will be tested. 
                      Table 2.Test campaign summary 
Parameter Operating Range 
O2-enriched oxidizer  
(% vol.) Air 40 60 80 
Solvents MEA PZ + K2CO3 Hybrid-1 Hybrid-2 
Ratio L/G 1-10 
Absorber Packed bed                      Spray Tower 
T stripper (ºC) 120 - 150 
P stripper (bar) 2-5 
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4. Conclusions 
Partial oxy-combustion is considered as a potential alternative for CO2 capture applied in fossil-fuels power plants. 
Optimization of both process, O2-enriched air production and CO2 separation by amine-based chemical absorption, 
can lead to further CO2 capture cost reductions in comparison with two other technologies, post-combustion and 
oxy-combustion. 
 
A 300 Nm3/h pilot plant has been erected to study a widely range of partial oxy-combustion conditions. The 
maximum CO2 concentration in the flue gas is 60%vol., using an 80% vol. O2-enriched oxidizer. Experimental tests 
at laboratory scale carried out with MEA and new two solvents have shown promising results, producing an 
enhancement of the CO2 absorption process. 
 
Four operation modes has been set up, from air to oxy-80, and four solvents will be tested. The operation range of 
the most relevant parameters have been shown. The pilot plant has shown as a potential tool for developing new 
strategies and technologies that operate at higher CO2 concentrated flue gas. 
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